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1. Introduction
In RAN1 #62bis [3], signalling for CSI measurement on restricted subframes was left FFS as shown below:
· RRC signalling for CSI measurements

· UE is signalled across which resources interference can be averaged for CSI reports

· Details of how to modify the 36.213 CQI definition FFS

· Signalling details FFS in RAN1

· Performance requirements FFS in RAN4
In this contribution, we state our views on the above topics.
2. CSI measurement on restricted subframes
With the agreed-upon coordinated time-domain transmission as part of Rel-10 eICIC [3], the Rel-10 UE is signalled a set of resources for CSI averaging (during CQI/PMI/RI reporting). In a macro-pico deployment, a range-extended pico cell UE (PUE) can experience substantially different interference levels (on its data and control region) across coordinated and uncoordinated subframes.  Coordinated or protected pico cell subframes correspond to the case when the macro cell eNodeB transmits “Almost-blank” subframes, whereas high interference (non-protected subframes) levels are experienced whenever the macro cell eNodeB transmits normal (unicast) subframes.
Since cell-edge PUEs can experience harsh interference during non-protected DL subframes, they should preferably be scheduled only protected subframes. On the other hand, a cell-interior PUE can reliably receive PDSCH on both coordinated and uncoordinated subframes. Therefore, the set of restricted subframes over which a PUE performs CQI averaging is UE-specific. In [5], it has been suggested to allow for the possibility of CQI measurement to be restricted to just a single subframe. This likely requires further study in RAN4 to evaluate the impact on feedback accuracy while obtaining instantaneous CQI (without interference averaging). 

Proposal 1: The set of restricted subframes on which CSI measurement occurs is RRC signalled to the UE.

Proposal 2: Reuse existing Rel-8 CQI/PMI/RI feedback for reporting CSI measurements on restricted subframes
Proposal 3: No need to change TS 36.213 CQI definition. Further study is required in RAN4 to study feedback accuracy while obtaining CQI over one subframe (no measurement averaging). 
If a cell-edge PUE is configured by its eNodeB to measure its CSI over non-protected subframes, then its CSI measurement accuracy will likely deteriorate because of interference from the stronger macro cell eNodeB transmission. Assuming backhaul coordinated eNodeB coordination, the macro cell eNodeB can mute it’s PDSCH to minimize its interference over pico cell CSI-RS. 

Observation: Over unprotected pico cell subframes, RE muting at macro cell eNodeB over pico cell CSI-RS locations improves measurement SINR at PUE for estimating channel to its serving pico cell. Unfortunately, the PUE cannot accurately estimate its interference. 
In other words, muting reduces interference as seen over pico cell CSI-RS and hence does not accurately model the true interference as seen over PDSCH on non-protected pico cell subframes.
Proposal 4: If CSI measurement at pico cell UE is performed over non-protected subframes, RAN1 should clarify which reference symbols are used for interference estimation. Rel-8 CRS can be used for interference estimation in such cases.
Note that in prior contributions [6], simulations have shown that the best CQI estimate is obtained when desired channel is obtained over CSI-RS and interference is obtained over CRS.  
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Figure 1: Pico cell UE is configured to measure CSI over non-protected subframes.
At least for transmission mode 9, if it agreed to adopt only CSI-RS based CSI reporting, the CSI measurement bit-map size can be upper bounded by the number of CSI-RS subframes which occurs within the CSI measurement periodicity. Note that CSI-RS duty cycle periodicity is much larger compared to Rel-8 CRS (which occurs every subframe), specifically, it belongs to the set {5ms, 10ms, 20ms, 40ms, 80ms}; for RAN1 #63, an additional 4 ms – or a multiple thereof – CSIRS duty cycle periodicity is under consideration. 

For example, if it is desired that the set of restricted subframes corresponds has 40 ms periodicity, then it is sufficient to only specify the set of CSI-RS subframes for CSI measurements within that 40 ms interval.

Proposal 5: CSI measurement on restricted subframes may occur according to one of the following possibilities:

· Alt1: Identical bit-map signalling format as those used in X2 signalling for RLM/RRM measurements, i.e. 40 ms periodicity for FDD, 20 ms periodicity for TDD configuration 1 through 5, 70 ms for TDD configuration 0 and 60 ms for TDD configuration 6.

· Alt2: 
· Use Alt1 for all Rel-8/9 transmission modes.

· In transmission mode 9, if CSI averaging (for CQI/PMI/RI reporting) is carried out over CSI-RS, bit-map reduction (over signalling over RRC) for specifying the restricted CSI-RS subframes should be studied.
3. On CSI-RS transmission on AB subframes

During unprotected subframes, cell-edge PUEs may report pessimistic CQI (measured over CSI-RS), which may not accurately reflect the prevailing channel conditions on their PDSCH, for example, when Rel-8/9 data ICIC is used. On the other hand, if PUEs receive their CSI-RS during protected subframes, they can estimate the prevailing channel quality on their PDSCH which is anyway interference-free. Additionally, they can estimate inter-cell CSI (in the same subframe) if the macro cell eNodeB transmits its CSI-RS during AB subframes. 
The following are in order:

a) The pico cell eNodeB should at least transmit its CSI-RS during protected pico cell subframes. 

b) Coordinating macro cell eNodeB(s) should preferably transmit their CSI-RS during their AB subframes. The pico cell eNodeB can mute (rate-match) its PDSCH which overlap with inter-cell CSI-RS locations. 


[image: image2]
Figure 2: CSI-RS coordination in het-net scenario.
Proposal 6: CSI-RS transmissions should be allowed on almost blank subframes. 

4. Conclusions

Proposal 1: The set of restricted subframes on which CSI measurement occurs is RRC signalled to the UE.

Proposal 2: Reuse existing Rel-8 CQI/PMI/RI feedback for reporting CSI measurements on restricted subframes.

Proposal 3: No need to change TS 36.213 CQI definition. Further study is required in RAN4 to study feedback accuracy while obtaining CQI over one subframe (no measurement averaging).

Proposal 4: If CSI measurement at pico cell UE is performed over non-protected subframes, clarify which reference symbols are used for interference estimation. 

Proposal 5: CSI measurement on restricted subframes may occur according to one of the following possibilities:

· Alt1: Identical bit-map signalling format as those used in X2 signalling for RLM/RRM measurements, i.e. 40 ms periodicity for FDD, 20 ms periodicity for TDD configuration 1 through 5, 70 ms for TDD configuration 0 and 60 ms for TDD configuration 6.

· Alt2: 

· Use Alt1 for all Rel 8/9 transmission modes.

· In transmission mode 9, if CSI averaging (for CQI/PMI/RI reporting) is carried out over CSI-RS, bit-map reduction for specifying CSI measurement over CSI-RS subframes should be studied.

Proposal 6: CSI-RS transmissions should be allowed on almost blank subframes. 
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PUE can measure intra-cell and inter-cell CSI in a single subframe
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